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General In七roduction
The life cycle of an animal consists of a series 
of progressive changes which begin at fertilization， 
and end with death. The life cycle of insects is 
unique among living organisms， because it includes 
metamorphosis. This process may take place 
gradually， with the immature insect being 
comparatively similar to the adult in general 
appearance， or it may be quite abrupt， the immature 
instars being drastically different from the adult 
and the transformation from the immature to the adult 
form occuring in a single stage. 
The class Insecta can be divided into three 
groups based on the type of metamorphosis; they are 
ametabolous， hemimetabolous and holometabolous 
insects. Ametabolous insects do not undergo any 
change in form， the immature instars differing from 
the adults only in size. The developmental form of 
hemimetabolous insects， those classified as 
exopterygotes， does not include a pupal stage and 
thus is often called simple， direct， or incomplete 
metamorphosis. The immature instars in this group of 
insects are commonly known as nymphs， although they 
may also be correctly referred to as larvae. The 
remaining group of orders， those classified as 
endopterygotes， all undergo what is referred to as 
holometabolous development or complete metamorphosis. 
工n these insects the larvae are quite dissimilar to 
the adults. Most of the changes in the 
transformation from the last instar larva to the 
adult are compressed into a single intervening 
instar， the pupa. The pupa is typically a resting 
stage protected in some way， such as in a silken 
ーーcocoon， in leaf litter， or in a puparial case. This 
process involves destruction of most larval tissues 
and organs (histolysis) and construction of adult 
structures and organs (histogenesis). 
Tissues and organs subjected to histolysis 
contact directly with the hemolymph， which is the 
only extracellular fluid and exists in an unbound， 
non-vascular state. The hemolymph is the direct 
environment of tissues and organs， so it stands to 
reason that their biochemical state is influenced by 
the hemolymph. In order to deeply understand the 
metamorphosis， the hemolymph as well as organs and 
tissues should be the subject of investigation. 
The hemolymph serves as the transport milieu for 
the exchange of essential materials between cells， 
tissues and organs and may serve as a reservoir for 
certain of these materials. Development， tissue 
maintenance， homeostasis and reproduction of insects 
are under hormonal control. Hormones are transported 
through the hemolymph from the place where they have 
been synthesized to the place where they act. Such 
hormones are as follows: glandotどopicneurohormones 
(prothoracicotropic and allata七ropichormones)， 
morphogenetic neurohormones (bursicon)， metabolic 
neurohormones (adipokinetic， insulin-like， diuretic 
hormones) and ethotopic neurohormones (eclosion 
hormone) . 
Hemolymph solutes include inorganic and organic 
materials. Florkin and Jeuniaux (1974) have pointed 
out that even though there is a considerable amount 
of information available on ion content in various 
insects， there is still a need for more specific 
information on the ontogenetic and physiological 
differences which may occur within a single species. 
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Informat工onon fluctuations of insect hemolymph 
composition in response to various conditions is 
available (Jungreis et al. 1973; Schin and Moore， 
1977; Cohen and Patana， 1982; Shimizu， 1982). These 
data are of importance in developing t工ssueculture 
media， and insect salines. 
One of the organ工c solutes is protein. Proteins 
have been isolated from the hemolymph and their 
molecular properties and biological functions have 
been documented. Telfer and Williams (1953) studied 
the quantitative and qualitat工vechanges in the blood 
proteins of the silkworm， Hγalophora cecropia. 
There are lipophorins (Chino et al.， 1981; Peled and 
Tietz， 1975)， vitellogenins (Chino et al， 1976; 
Chinzei et al， 1981; Ogawa and Tojo， 1981)， storage 
proteins (Tojo et al.， 1980; Kramer et al.， 1976; 
Levenbook and Bauer， 1984)， low molecular lipoprotein 
(Gamo， 1978) 130K-glycoprotein (Kato et al.， 1982， 
1983). The function of storage proteins is unknown， 
but because of their abundance in larval and early 
pupal developmental stages and virtual absence in 
adults， it is thought that they have an important 
function. Introduction of polyacrylarnide gel 
electrophoresis facilitated the qualitative as well 
as the quantitative analysis of plasma proteins in a 
variety of insec七 speciesand numerous reports have 
accumulated which describe the composit工onsand 
developmental patterns of plasma proteins (Wyatt and 
Pan， 1978). 
Glycosidases have been found widely in plants 
and animals. The activities of glycosidases such as 
q-mannosidase (Kimura， 1981)， α-glucosidase 
(Matthews et al.， 1976; Katagiri， 1979) and amylase 
(Tanaka and Kusano， 1980; Banno et al.， 1984) in 
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insect hemolymph have been investigated. Matthews et 
al.(1976) proposed that the concentration of 
七rehaloseand glucose was regulated by α-glucosidase 
in Periplaneta americana. Kato (1986) has 
suggested that glycosidases may play a role in the 
modification of carbohydrate side chains of lectin-
like glycoproteins in the silkworm hemolymph during 
development. It has been suggested that the 
carbohydrate moiety of glycoproteins plays a role 
recognition phenomena of the cells (Ashwell and 
Harford， 1982). These observations show a 
possibility that the changing activities of 
glycosidases in the hemolymph are related to the 
recognition phenomena and thus involved in the 
development of insect larvae. 
工n addition to biochemical properties of the 
工n
hemolymph， its physico-chemical properties probably 
participate in the control of the metamorphosis of 
insects， because， as mentioned above， the hemolymph 
is the direct environment of tissues and organs. 
There have been few studies dealing with physico-
chemical properties of the hemolymph of Bo旦亙ヱ主
旦2主 (Kobayashi and Sumimoto， 1963; Tsukada et al.， 
1 986 ) 
One of the physico-chemical properties， the 
osmotic pressure of the hemolymph is homeostatically 
controlled. Large changes in hemolymph volume occur 
when insects are exposed to various cohditions 
(Edney， 1977). Insects are capable of effectively 
regulating hemolymph osmotic pressure even with large 
fluctuations in hemolymph volume (Berridge， 1970; 
Wall， 1970; Coutchie and Crowe， 1979; Machin， 1981). 
During dehydration， the hemolymph value decreases， 
but the osmotic pressure remains constant， due to a 
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concomitant lowering of the concentration of solutes. 
The reverse phenomenon is observed during rehydration 
(Djajakusumah and Miles， 1966). 
On the other hand， the osmotic pressure of the 
hemolymph in some insects changes during their 
development. The osmotic pressure decreases sharply 
prior to pupal molt， and increases at the time of 
adult ecdysis in Galleria mellonella， (Czaja-
Top工nskaand Klekowski， 1970)， oriental hornets 
(Joshua et al.， 1973) and beet army worms (Cohen and 
Patana， 1982). We found that a decrease in the 
osmotic pressure of the hemolymph takes place before 
the onset of spinning in Bombヱ主 mo玉主 (Nakayama， 
1990a). The significance of the osmotic pressure of 
the hemolymph in the development of insects has not 
been well investigated. 
工t is well known that， in most other animal 
phyla， the osmotic pressure of the body fluid is 
ensured by inorganic constituents， among which sodium 
is generally the main cation， and chloride the main 
anion. The situation is more complicated and 
sometimes entirely different in insects. The changes 
in the osmotic pressure of the hemolymph during the 
development in insects should be precisely examined. 
工n the present investigations we first studied 
the changes in physico-chemical properties of 
hemolymph of the silkworm， Bom主ヱ三 mo王J二 to clarify 
the basis for development and metamorphosis in 
hemolymph. We found that the decrease of the 
hemolymph osmotic pressure began before the spinning. 
This suggests that the change in the osmotic pressure 
plays a role in the preparation for spinning or is a 
七rigger to initiate metamorphosis. 
Secondly， we studied several candidates which 
?
?
「account for the osmoactive components in the silkworm 
hemolymph. We found七hatthe changes in amino acid 
concentration were parallel with the changes in the 
osmotic pressure. Sodium ion concentrations began to 
decrease prior to a decrease in the osmotic pressure 
and in七heamino acid concentration. This indicates 
that the change in the osmotic pressure during 
silkworm development is mainly attributable to the 
change in the concentration of amino acids. We 
further studied the relationship between hemolymph 
osmotic pressure and amino acid components， and found 
that among the major amino acids in the hemolymph， 
the concentrations of threonine and histidine changed 
during development， whereas those of serine and 
glycine not. 
Finally， we studied the effects of a juvenile 
hormone analog (methoprene) application and dietary 
supplementation with sodium chloride on relation to 
hemolymph osmotic pどessureand sodium ion 
concentration. We found that growth was delayed 
under both conditions and that sodium ion 
concentrations began to decrease much earlier than 
the onset of the decrease in the osmotic pressure. 
From these results， we conclude that sodium ion 
is an important substance in larval development. The 
decrease in sodium ion concentration may trigger the 
change in the osmotic pressure via the change in the 
concentration of amino acids， resulting in some 
biochemical changes leading to the ecdysis from 
larvae to pupae. 
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-Chapter 1 
Changes in Physico-chemical Properties of the 
Hemolymph During Development 
Abstract 
Changes in physico-chemical properties of the 
hemolymph were examined during larval development 
the silkworm， Bombヱ三 mo王よ， reared on an 
工n
artificial diet. Individual fresh weight gradually 
increased until gut-purging at day 7 in the fifth 
instar， then decreased until pupal stage. The water 
content of the hemolymph decreased from day 1 to day 
8， then increased until the pupal stage. The 
viscosity of the hemolymph increased from day 0 to 
day 10 then decreased， whereas pH value was almost 
constant during development. The osmotic pressure of 
the hemolymph increased from day 0 to day 5， then 
declined and continued to decrease until the spinning 
stage. Amino acid concentration was correlated with 
the osmotic pressure and protein concentration was 
correlated with the viscosity of the hemolymph. 
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Introduction 
The development of holometabolous insects 
including the silkworm， Bom主ヱ主旦2王i，is under 
hormonal control and is composed of morphological 
changes from larvae to adulthood. The process 
involves destruction of most larval tissues and 
organs， construction of adult tissues and organs. 
工nsecthemolymph exists in an unbound and non-
vascular state. Tissues and organs are in direct 
contact with the hemolymph (Florkin and Jeuniaux， 
1974; Mullins， 1985). The hemolymph serves as the 
environment of cells， tissues and organs. 
Numerous reports have been amassed on chemical 
components in the hemolymph of Bo旦主ヱ三 mori (Wyatt 
and Pan， 1978; Izumi et al.， 1980; Tojo et al.， 1980; 
Kato et al.， 1982; Shimizu， 1982; Hirano and 
Yamashita， 1983; Tomino， 1985) and on the growth 
(Morohoshi and Namiki， 1977). There are few studies 
dealing with physico-chemical properties of the 
hemolymph of Bo旦主ヱ主旦旦王よ (Kobayashi and Sumimoto， 
1963; Tsukada et al.， 1986). From the view point of 
homeostasis， a physico-chemical property of the 
hemolymph， such as the osmotic pressure is expected 
to remain constant in different developmental stages. 
The osmotic pressure of the hemolymph in oriental 
hornets (Joshua et al.， 1973) and beet army worms 
(Cohen and Patana， 1982) has been repoどtedto be 
maintained during development. During the course of 
our studies on a hemolymphous glycoprotein (Kato et 
al.， 1982， 1983; Nakayama， 1982)， however， we found 
that the osmotic pressure of the hemolymph was not 
constant during development. It seemed to us 
worthwhile to follow changes in physico-chemical 
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properties during development of Bo旦包三旦豆EL.
Physico-chemical properties of the hemolymph might 
represent a key to understand the role of the 
hemolymph matrix for growth and metamorphosis. 
This chapter describes some relationships between 
the physico-chemical properties， such as the osmotic 
pressure and the viscosity， and the concentrations of 
amino acids， sugars and proteins in the hemolymph 
during development. 
-9 -
F 
Materials and Methods 
Insect material 
A hybrid strain of the s工lkworm (Asahi and 
Tokai) was purchased from Kobe Sanshu Co. Ltd. The 
larvae were reared on an artificial diet (Nihon Nosan 
K.K.) at 250C and a humidity of 65主5老， under a 
photoregime condition of 12 h light and 12 h 
darkness. The first day after the fourth ecdysis was 
designated as day O. 
Growth measurement 
Ten larvae were sampled every day after the 
fourth ecdysis and their weights were measured with 
an electric balance. The larvae were then 
lyophilized and subjected to dry weight measurment. 
The water content of the larva was calculated from 
its weight before and after lyophilization. 
Osmotic pressure measurement 
The hemolymph was collected by puncturing the 
body with a needle and aspirating into a 
micropipette. The osmotic pressure of the hemolymph 
of the individual insect was measured with a vapor 
pressure osmometer (5100 C， Wescor Inc. U.S.A.) at 
25oC. 
viscosity 豆旦dE.!imeasurements
The hemolymph of several larvae was collected by 
cutting the abdominal legs and centrifuged at 3，500 
o rpm for 15 min at 4~C to remove hemocytes. The 
relative viscosity of the hemolymph was measured with 
an Ostward's viscometer (0.5 ml) at 25oC. The pH 
value was measured with a micro pH electrode (が2410A，
Hitachi). 
Measurements2E chemical compositions 
Proteins were precipitated from the hemolymph 
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with 10も trichloroaceticacid (TCA)， and centどifuged
at 12，000 rpm for 5 min at 4oC. The precip工tate
was dissolved in 1 M NaOH solution. Protein 
concentration was determined by the method of Lowry 
et al.(1951) using bovine serum albumin as the 
standard. TCA soluble fraction of the hemolymph was 
used for amino acid and sugar determination. Amino 
acid concentration was determined by the method of 
Garrel et al.(1972) using a L-leucine as the 
standard. Sugar concentration was determined by the 
phenol-sulfuric acid method (Dubois et al.， 1956) 
using D-glucose as the standard. 
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Results 
The growth of Bo旦担ヱ竺旦ori reared on an 
artificial diet during larval development was 
examined (Fig. 1). The fresh weight of individual 
larva gradually increased un七ilgut-purging at day 7 
in the fifth instar. Then， the larva started 
spinning at day 8， and its body weight decreased 
until the pupal stage. Figure 2 shows the changes in 
the dry weight of the insect during development. The 
decrease in fresh weight appeared to be accompanied 
with that in dry weight. The pattern of the decrease 
in the fresh weight was somewhat different fどomthat 
in the dry weight， indicating that the percentage of 
the water content is not always constant through the 
fifth instar. Figure 3 shows the water content of 
the insect estimated from data in Figs. 1 and 2. It 
decreased abruptly after the onse七 of spinning at day 
8. Solutes in the hemolymph may change during 
development， and may modify the metabolic activity of 
the hemolymph matrix. 
Next， we examined whether or not the water 
content in the whole insect is correlated with that 
in the hemolymph. Figure 4 shows that the water 
content of the hemolymph during development decreased 
from day 1 to day 8， then increased until pupal 
stage. A fairly good correlation between the water 
content of the body and the hemolymph during 
development was found (Fig. 5). This result 
indicates that the water content of the body changes 
in parallel with that of the hemolymph. 
Next， physico-chemical properties of the 
hemolymph were examined. As shown 工n Figs. 6 and 7， 
the relative viscosity was no七 constantduring 
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development whereas the pH value was almost constant. 
The viscosity reached its maximum value of 1.73 at 
day 10 and decl工nedto 1.40 at day 12. The changes 
in the v工scosityappeared to be inversely correlated 
with the water content， suggesting that the viscosity 
is based on soluble solutes in the hemolymph. Figure 
8 shows that the protein concentration increased from 
day 2 to day 10 (spinning stage) and then decreased 
七o the second half of the spinning stage. Apparently， 
there is a good correlation between the viscosity and 
the protein concentration. 
The osmotic pressure is a physico-chemical 
property which has to be affected by the amount of 
solutes. Figure 9 shows the changes in the osmotic 
pressure of the hemolymph during development. The 
osmotic pressure increased rapidly from day 0 to day 
5， then declined and continued to decrease until day 
9. After that it began again to increase. The 
pattern of the change in the osmotic pressure of the 
hemolymph during development was quite different from 
that of the viscosity. Thus， the changes in osmotic 
pressure is considered to reflect the change iηthe 
concentration of low molecular substances except high 
molecular substances such as proteins. 
There were several candidates for the osmoactive 
substance in the hemolymph. Figure 10 shows the 
changes in amino acid and sugar concentration in the 
hemolymph during development. The maximum 
concentration of amino acids was observed at day 5 
(150 mM). Amino acids in the hemolymph may be 
intensely metabolized due to growth and spinning. The 
change in the amino acid concentration was correlated 
with those in the osmotic pressure until day 9. 
However， the amino acid concentration does not fully 
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account for the total change in the osmotic pressure 
in the hemolymph. The sugar concentration was about 
one twelfth of the amino acid concentration at day 5. 
The highest concentration of sugars throughout 
experimental period was less than 20 mM. The 
contribution of sugars to the osmotic pressure of the 
hemolymph was not so much as compared with that of 
amino acids. 
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Discussion 
Physico-chemical properties of the hemolymph are 
based on its chemical composition. Major solutes 
the hemolymph are composed of amino acids， sugars 
such as trehalose， proteins and inorganic ions 
工n
(Florkin and Jeuniaux， 1974; Mullins， 1985). 工n this 
investiga七ion，the changes in the viscosity of the 
hemolymph were found to be closely related with those 
in the protein concentration in the hemolymph. The 
amount of proteins continued to increase just before 
the spinning stage. The functional or structural 
proteins required for the spinning may be accumulated 
in the hemolymph during this period (Tojo et al.， 
1980; Tomino， 1985). On the other hand， the pH value 
appeared to be controlled homeostatically. 
The osmotic pressure of the hemolymph decreased 
from day 5 to day 8 (Fig. 9). Jungreis et al. (1973) 
have reported that a similar change in the osmotic 
pressure of the Cecropia silkmoth hemolymph. The 
onset of the decrease in weight was different from 
that of the decrease in the osmotic pressure in the 
hemolymph. The fresh and dry weight of the larva 
gradually increased until gut-purging at day 7， and 
then decreased (Figs. 1 and 2). Nagata et al.(1980) 
have repoどtedthat hemolymph volume of a pupa of 
Bo旦主ヱ三旦旦ridecreased to about 60も of that of a 
mature larva. Gut-purging accompanied with loss of 
water may cause the increase in the concentration of 
solutes in the hemolymph (Fig. 3). This may cause， 
in turn， the noted increase in the osmotic pressure. 
The osmotic pressure is attributed to the number 
of solute molecules and thus to the concentration of 
the solutes with low molecular weight. The 
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measurement of amino acid and sugar concentrations 
indicated that the change in the osmotic pressure in 
the hemolymph was correlated well with that in amino 
acid concentration. Amino acids appeared to be 
accumulated in the hemolymph from day 0 to day 5 and 
were found to be at their highest concentration at 
around the day when the osmotic pressure reached to 
the highest. 工t is well known七hat the tissue which 
syn七hesizes silk-proteins grows rapidly before the 
onset of spinning in ~旦旦左ヱ主旦旦主主 as if it is 
going to occupy almost the whole body. After day 5， 
amino acids in the hemolymph were intensely 
metabolized to prepare for the spinning and thus 
amino acid concentration began to decrease. From 
these results， osmotic pressure of the hemolymph is 
considered to affect the development of Bo旦単主
morl. 
The sum of the concentrations of amino acids and 
sugars accounted for only 45 to 50 percent of the 
measured osmot工c pressure. The remaining part may be 
attributed to inorganic ions and others. The ions in 
the hemolymph affect the osmotic pressure (Jungreis 
et al.， 1974)， the insect nervous systems (Weevers， 
1966; Miyazaki， 1980)， the biochemical condition 
(Jungreis et al.， 1974) and metamorphosis. 
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Chapter 2 
Changes in Biochemical Properties of the Hemolymph 
during Developmen七
Abstract 
Proteins in the hemolymph were examined by gel 
filtration and electrophoresis. Some of 七he
hemolymph proteins were detected with periodic acid-
Schiff (PAS) reagent and thus are glycoproteins. They 
had high contents of aspartic acid， glutamic acid and 
lysine. The neutral sugar in glycopro七eins in the 
hemolymph was composed of mannose， glucose and 
galactose. 
Three active glycosidases， that isα-
mannosidase，日-galactosidaseand α-glucosidase were 
detected in the larval hemolymph. Less active 
enzymes such as s-mannosidase and α-arabinosidase 
were also detected. Optimum pH of these enzymes was 
found around 5. 
The α-mannosidase activity decreased rapidly 
during larval developmen七. A good coどrelation
between the mannose content and the α-mannosidase 
activity in the hemolymph was observed. Juvenile 
hormone analog (JHA)， methoprene， enhanced the 
α-mannosidase activi七y in the late stage of the fifth 
instar. These results suggest that mannose rich 
glycoproteins and mannosidase activity in the 
hemolymph have a possible role in the development. 
- 17 -
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Introduction 
We have reported the importance of the 
hemolymph， of which properties change prior to the 
apparent metamorphosis (Nakayama， 1990a). During 
development， the composition of proteins in the 
hemolymph was found to change quantitatively and 
qual工tatively (Telfer and Williams， 1953; Wyatt and 
Pan， 1978; Nagata et al.， 1980; Tojo et al.， 1980; 
Tomino， 1985). Most of them are glycoproteins (Nagao 
et al.， 1979; Izumi et al.， 1980; Kato et al.， 1982). 
Thus， glycoproteins in the hemolymph seem to be 
involved in the larval development and the 
metamorphosis of the silkworm. 
The activities of glycosidases such asα-
mannosidase (Kimura， 1981)，α-glucosidase (Matthews 
et al.， 1976; Katagiri， 1979) and amylase (Tanaka and 
Kusano， 1980; Banno et al.， 1984) in insect hemolymph 
have been examined. These results indicate a 
possibility that the changing activities of 
glycosidases in the hemolymph are involved in the 
development of insect larvae. 
Glycosidases have been found widely in plants 
and animals. They hydrolyze the terminal， non-
reducing monosaccharides of sugar chains of 
glycoproteins and saccharides. They are relatively 
selective about which sugars are to be released， as 
well as about the configurations，α-or s-， of the 
bond (Aronson， 1972; Uchida et al.， 1977). Ashwell 
and Harford (1982) have suggested that the 
工ncarbohydrate moiety of glycoproteins plays a role 
recognition phenomena of the cells and thus 
metamorphosis. The glycosidases may specifically 
modify the carbohydrate moiety of glycoproteins and 
- 18 -
saccharides， and thus modulate the recognition 
proper七y and metamorphosis. 
Kato (1986) has suggested that glycosidases may 
play a role in the modification of carbohydrate side 
chains of lectin-like glycoproteins in the hemolymph 
of Bo旦hヱ主旦旦主主. Matthews et al.(1976) have 
reported that the concentration of trehalose and 
glucose was regulated by α-glucosidase in 
periplaneta americana. These glycosidases may 
have a role to play in the metabolism of sugars 
insect hemolymph. 
工n
This chapter describes properties of 
glycoproteins in the hemolymph and a relationship 
between their properties and the changes in 
activities of glycosidases in the hemolymph during 
larval development. 
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Materials and Methods 
s ilkworm 
Silkworms， Bo旦主ヱ三 mori (Asahi x Tokai)， were 
reared in plastic cases (115 mm x 200 mm x 45 mm) 
under a 12L:12D photoperiod cycle at 250C on a diet 
purchased from Gunze Silk Co. The first day after 
the fourth ecdysis was designated as day O. The 
nourishment was replaced with fresh every day. 
Juvenile hormone 呈旦豆よQS_ (JH主， Inethoprene) 
application 
Methoprene (Manta， Otsuka Pharm. Co.) was 
dissolved in ethanol at a concentration of 0.6ぃg/ul
and 1.0 W1 was applied to the surface of the body 
wall of the silkworm with a microsyringe a七 day2. 
Control larvae were treated with 1.0 w1 of ethanol 
only. 
Preparation of hemolγmph samples 
Hemolymph was collected by cutting abdominal 
o legs of larvae in the cold room at 4~C. After the 
centrifugation of the hemolymph at 2，000 rpm for 15 
min， the supernatant was lyophilized and stored at 
-200C until required. 
Gel f iltration 
The lyophilized powder was weighed and dissolved 
in water. The solution was then applied to a 
Sephadex G-150 column and was eluted with 0.1 M Tris-
HCl buffer (pH 8.0) containing 0.1 M NaCl， by upward 
f l ow a t a f Low ra te o f20 m l per1h and a t40c. 
P01γacrylamide gel disc electrophoresi s (PAGE) 
About 150 Wg of lyophilized hemolymph was 
app1ied to the column and the running pH was 9.4. 
Electrophoresis was carried out on a gel column (5 mm 
x 70 mm) with 7.5も polyacrylamidegel for 1 h at 
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40c with a constant current of 3 mA per gel column. 
Sodium dodecγ1 sulfate (SDS)-PAGE 
The lyophilized hemolymph was dissolved in 0.01 
M sodium phosphate buffer (pH 7.2) containing 25も
glycerol， 2も s-mercaptoethanoland 1毛 SDS，and 
o treated for 2 h at 50~C. In the treatment not 
involving disulfide reduction， the same buffer 
solution lacking only s-mercaptoethanol was used. 
Electrophoresis was carried out on 7.5も
o polyacrylamide gel for 5 h at 15~C with a constant 
current of 8 mA per gel column according to the Weber 
and Osborn method (1969). 
s taininq 
The proteins on the polyacrylamide gel weどe
stained with Coomassie Brilliant Blue R-250 (CB). The 
dye was dissolved at 0.25毛 ina mixture of ethanol， 
acetic acid and deionized water (9:2:9). The 
background stain of the gel was removed with a 
solution of ethanol， acetic acid and deionized water 
(25:8:65). 
The glycoproteins were stained for carbohydrate 
by the periodic acid-Schiff (PAS) technique 
(Zacharius et al.， 1969). The gel was immersed in 
1 2.5も trichloroaceticacid for 30 min. After rinsing 
lightly with deionized water， the gel was immersed in 
1毛 periodicacid dissolved in 3も aceticacid for 50 
min. After washing the gel with running water 
overnight， the gel was immersed in fuchsin-basic 
stain for 30 min in the dark. After washing with 
freshly prepared 0.5も metabisulfite three times for 
10 min each time， the gel was washed in deionized 
water until excess stain was removed. 
chemical analysis 
Amino acid analysis was performed with an amino 
- 21 
買固
acid analyzer (AA-100， Shibata). Protein fraction 
was hydrolyzed in 6 N HCl at 1100C for 24 h in a 
vacuum sealed glass tube. 
Hexoses were determined by the method of Dubois 
et al. (1956) with a mixture of galactose and mannose 
(1:1) as the standard. 
Hexosamines were determined by the method of 
Gardell (1953)， after hydrolyzing glycoproteins with 
0 3 N HCl for 8 h at 100~C. Galactosamine was used 
as the standard. 
Methylpentoses were determined by the method of 
Gibbons (1955) with fucose used as the standard. 
Proteins were determined by the method of Lowry 
et al. (1951) using bovine serum albumin as the 
standard. 
AnalγsiS2E neutralE旦旦豆玉三亙y.9:主主ーよL2旦主豆
chromatographY (GLC) 
Twenty mg of lyophilized hemolymph was dissolved 
in 3 ml of 80毛
rpm for 20 πl工n.
ethanol， and then centrifuged at 3，000 
The supernatant， dried at 500C by 
evaporation， was referred to as the ethanol-soluble 
fraction. The resulting precipitate was washed three 
times with a mixture of methanol and chloroform (1 :2， 
v/v). The soluble fraction， dried at 500C by 
evaporation， was referred to as the lipid fraction. 
The remaining par七 ofthem was referどedto as the 
ethanol-insoluble fraction. The neutral sugar 
composition in each fraction of the hemolymph was 
determined by GLC (Albersheim et al.， 1967). The 
sample (5 mg) was hydrolyzed in a capped tube with 1 
ml of 2 M trifluoroacetic acid (TFA) for 90 min at 
121oC. After TFA had been removed by evaporation， 
sugars were reduced with 20 mg/ml sodium borohydride 
for 1 h at room temperature and then acetylated with 
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acetic anhydride for 3 h at 1210c. The amount of 
acety1ated a1dito1s was measured with a gas-1iquid 
chromatograph (Mode1 663， Hitachi). The 
chromatographic separation was performed with a 
capi11ary co1umn (SP-2330， 15 m 10ng， Sperco). 
主ss旦ヱ of.9:lγcosidase activities 
G1ycosidase activity was determined 
spectrophotometrica11y according to the me七hodof 
Kimura (1981). An enzyme solution (100 ~1) was mixed 
with 50い1of 20 mM p-nitropheny1-α-glucoside and 100 
~1 of 200 mM acetate buffer， pH 5.0. After 
incubation of this mixture for 60 min at 370C with 
shaking， the enzyme reaction was terminated by 
addition of 3 m1 of 200 mM sodium carbonate solution. 
Absorbance at 400 nm was measured. One unit of 
enzyme activity was defined as 1iberation of 1 Wmo1 
of p-nitropheno1 from the substrate per minute under 
the conditions discribed above. The specific 
activity was expressed as units per mg of protein. 
B1anks containing heat treated enzyme solution were 
also a1ways run as contro1 samp1es. 
Simi1ar1y，日 -glucosidase，α- and s-
ga1actosidase，α-and s -mannosidase，α- and 
s -xy 10s idase，α-arabinos工daseand s-fucosidase 
activity were determined with p-nitoropheny1-
自-glucoside，p-nitoropheny1-α-and s-ga1actoside， p-
nitoropheny1-α-and s-mannoside， p-nitoropheny1-α 
and s-xy1oside， p-nitoropheny1-α-arabinosidase and p-
nitropheny1-s-fucosidase as the substrates， 
respective1y. 
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Results 
Electro]2hQretic patterns of hemolymph fraction 
obtained from a gel filtration on a Sephadex G-150 
column 
Figure 11 shows the changes in PAGE pattern of 
the whole hemolymph during development. PAGE 
pa七ternswere found to change quantitatively and 
qualitatively. The hemolymph proteins were separated 
into three fractions on a Sephadex G-150 column， and 
they are referred to as F-工， F-工 and F-工 1， 
respectively. The hemolymph proteins were separated 
on PAGE. At least nine bands were perceived. Two 
major bands were stained with PAS reagent as shown in 
Fig. 12. This indicates that glycoproteins exist in 
the silkworm hemolymph. F-I was separated on PAGE 
into two bands and a few faint bands with PAS-
staining as shown in Fig. 12， while both F一工工 and F-
工工工 showed a few faint bands and thus did not 
comprise glycoproteins (data not shown). 
Patterns of SDS-PAGE 
The molecular weight of each component of F-I 
was estimated from the migration distance in 
reference to the standard proteins and found to be 
the range of approximately 30，000 to above 250，000 
(Table 1). The reduced F-I and the unreduced F-I 
ユn
with s-mercaptoethanol were separated on SDS-PAGE as 
shown in Figs. 13 and 14. The components with high 
molecular weight were different in reduced and 
unreduced F-I. This result suggests F-I contains 
disulfide bonds. 
As shown in Fig. 15， F-工 gaveonly one band 
stained with PAS reagent. The molecular weight was 
estimated to be 130，000. Other fractions were not 
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stained with PAS reagent and thus they were no七
glycopro七ei n s. This result indicate that the PAS-
positive major component has a molecular weight of 
approximately 130，000. 
主旦よ旦旦豆三id豆旦51豆旦旦豆王 composition
Amino acid analysis of F-I obtained by gel 
filtration was carried out， and the result is shown 
in Table 2. This fraction appears to contain large 
amounts of aspartic acid， glutamic acid and lysine， 
and small amounts of histidine and methionine. 
Sugar composition of these protein fractions are 
shown in Table 3. Hexose content of F-I， F-II and F-
工工1 were 8.5毛， 0.2宅 and 0.2%， respectively. This 
indicates that F-I had overwhelmingly higher hexose 
content than the other fractions. F-I was comprised 
in 8.5毛 hexoses，3.7老 hexosamines and 0.2宅
methylpentoses. 
Neutra l E旦旦旦王 composi tior1 1主主h GLC 
Next， we examined neutral sugar composition with 
GLC. The hemolymph was divided into three fractions: 
ethanol-soluble， ethanol-insoluble and lipid 
fractions. Table 4 shows the neutral sugar 
composition of these fractions taken from day 7 in 
the fifth instar. The neutral sugar 工n the ethanol 
soluble fraction was exclusively glucose which seems 
to be derived from trehalose. The neutral sugar ln 
the ethanol-insoluble fraction was composed of 
mannose， glucose and galactose (Table 4). The 
neutral sugar in the lipid fraction was exclusively 
glucose， although it's concentrat工onwas very low as 
compared with other fractions (Table 4). Xylose， 
arabinose and fucose were not detected in these 
fractions. 
Changes i口 glucose，galactose and mannose 
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content of the ethanol-insoluble fraction of the 
hemolymph were examined (Fig. 16). The amount of 
mannose increased during larval development， while 
七heamounts of glucose and galactose were almost 
constant. 
0ptimur1 .2旦旦Eqlγcosidase activity 
The optimum pH for the α-glucosidase activity 
was 5.0 in larval hemolymph taken from the fifth 
instar and 5.5 in pupal hemolymph (Fig. 17A). No 
apparent pH optima for the s-galactosidase activity 
were observed in both larval and pupal hemolymph 
(Fig.17D) .日-Glucosidase (Fig. 17B) and 
α-galactosidase (Fig. 17C) activities in both larval 
and pupal hemolymph were low at all pH's under this 
condition. 
The effects of pH on the α ，日-mannosidase，α-
and s-xylosidase activities were determined as shown 
in Fig. 18. The pH optima for the α-mannosidase 
activity were 4.5 in both larval and pupal hemolymph. 
The α-mannosidase activity in pupal hemolymph was 
higher than in larval hemolymph (Fig. 18A). The 
activities of s-mannosidase，α-xylosidase and 
日-xylosidase in larval and pupal hemolymph were low 
at all pH tested (Figs. 18B， 18C and 18D). The 
effect of pH on the activities ofα-arabinosidase and 
-fucosidase are presented in Fig. 19. These enzyme 
activities in larval and pupal hemolymph were low at 
all pH's ranging as far as examined. 
Glγcosidase activity L旦並立豆よ竺竺 E旦E豆よ
hemolymph 
The glycosidase activities at pH 5.0 in larval 
hemolymph taken from day 7 of the fifth instar and 
pupal hemolymph taken from day 5 of the pupal stage 
are presented in Table 5. Larval hemolymph has a 
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-high s-galactosidase act工vity，α-mannosidaseactivity 
andα-glucosidase activity. On the other hand， pupal 
hemolymph has highα-glucosidase and α-mannosidase 
activi七y，as shown in Table 5. 
s-Glucosidase，α-galactosidase，α-xylosidase， 
日-xylosidase，and s-fucosidase activity were low in 
larval hemolymph. Pupal hemolymph possessed low 
hydrolytic activity against p-nitrophenyl-
日-glucoside，p-nitrophenyl-α-galactoside and p-
nitrophenyl-α-xyloside.α-Glucosidase，α-mannosidase 
and α-arabinosidase activities in the hemolymph 
increase about two fold after metamorphosis. 
chanqesL旦 activities旦Eqlycosidases豆旦主2
development 
Figure 20 shows that α-mannosidase activity 
decreased rapidly from day 1 to day 7， to one ninth 
of its starting level. On the other hand， 
日-galactosidaseactivity 工n the hemolymph changed 
only during the first two days (Fig. 20). 
α-Glucosidase activity gradually decreased over the 
entire period (Fig・ 20). 
A negative correlation between the mannose 
content and the α-mannosidase activity in the 
hemolymph was observed (Fig. 21). Figure 22 shows 
the effect of JHA application on the α-mannosidase 
activity. JHA enhanced the activi七y after day 4 
until day 7. This period was just before the time 
when the silkworm began to spin. 
? ???
?
-ーDiscussion 
The properties of the hemolymph of the silkworm 
change during the fifth instar prior to morphological 
changes from larvae to adults. The hemolymph is the 
immediate environment of the organs in the silkworm. 
Thus， the metabolic activity and the development may 
be affected by the hemolymph. 
Only glucose was detected in the ethanol-soluble 
fraction of the hemolymph and its content was almost 
constant during development. No other neutral sugars 
were detected in the fraction. As mentioned in 
Materials and Methods， the sugar compositions in the 
ethanol-soluble fraction were analyzed after the 
fraction had been hydrolyzed. Thus， most of the 
detected glucose seems to come from trehalose， the 
insect blood sugar (Hirano and Yamashita， 1983). The 
sugar content in the ethanol-soluble fraction did not 
change during development of the silkworm and 
consequently may have no positive role in controlling 
the development. 
During larval development， hemolymph proteins 
the silkworm have been reported to change 
quanti七ativelyand qualitatively (Nagata et al.， 
1980; Tojo et al.， 1980). Some proteins in the 
hemolymph are glycoproteins. Sp工ro (1973) has 
reviewed 七hatthe carbohydra七e moiety of 
glycoproteins consists of mannose， glucose， 
galactose， N-acetyl glucosamine and N-acetyl 
一
工n
galactosamine. 工n an insect hemolymph， car勺ohydrate
constituents of vitellin and vitelloqenin have been 
reported to be comprised mainly of mannose (Pan and 
Wyatt， 1976; Chen et al.， 1978; Mundall and Low， 
1979). Lipophorin from a locust has been shown to 
- 28 -
. 
contain carbohydrates， mainly mannose and glucosamine 
(Chino， 1985; Nagao et al.， 1987). The amount of 
mannose in the ethanol-insoluble fraction， which is 
composed of mostly hemolymph proteins， increased 
during larval development， while the amounts of 
glucose and galactose were almost constant. 
Carbohydrate moiety of the glycoproteins has been 
shown to mainly consist of mannose， also increase 
during development of the fifth instar of the 
silkworm. Mannose seems to be the main neutral sugar 
component of glycoproteins in the hemolymph of the 
silkworm. 
Carbohydrates of glycoproteins have been 
suggested to play a role in the development of 
insects (Kunkel et al.， 1980; Wojchowski et al.， 
1 986) . Ka七o (1986) has reported that the protein 
with a molecular weight of 130 kDa has a 
hemagglutinating activity which is activated by 
enzymatical removal of neuraminic acid at the 
terminal of carbohydrate chains of the glycoprotein. 
We have intensively tested for neuraminic acid in the 
hemolymph of the silkworm and in glycoprotein 
fractions. The conclusion is that the exis七enceof 
neuraminic acid in the silkworm hemolymph is 
doubtful. In addition， we could not find 
neuraminidase activity in the hemolymph. 
As mannose content of the ethanol-insoluble 
fraction increased during development (Fig. 16)， 
-mannosidase activity significantly decreased (Fig. 
20). Mannosidase has been repoどtedto be involved in 
processing carbohydrate moiety of glycoproteins 
within cells (Kilker et al.， 1981). There was a 
negative correlation between the mannose content and 
the enzyme activity (Fig. 21). Thus， we can 
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speculate that mannosidase is involved in processing 
carbohydrate chains of the glycoproteins within 
cells. It is unlikely that the processing takes 
place in the hemolymph because no free mannose was 
found in the hemolymph of the silkworm. The 
mannosidase， which acts in cells， likely leaked into 
the hemolymph， resulting in 
activity in the hemolymph. 
detection of the enzyme 
Perhaps for this reason， 
the correlation between the manosidase activity and 
the mannose content in the ethanol-insoluble fraction 
exists. 
Kimura (1981) has reported on the 
characterization of the α-mannosidase in the 
hemolymph of Bombヱ主旦旦主主. However， the 
physiological functions of α-mannosidase in growth 
and metamorphosis is not yet known. The mannosidase 
activity is possibly modified by a hormone action. 
This is suggested by the effect of JHA on the enzyme 
activity， which is shown in Fig. 22. JHA may affect 
the integrity of cell membranes allowing the enzyme 
七o leak. Anothe工 possibilityis that JHA application 
causes the de novo synthesis of the enzyme， resulting 
in the increase in the amount of the enzyme. 
Although the effect of endogeneous juvenile hormone 
on the activity of mannosidase is still unclear， it 
is notable that the JHA application increased the 
enzyme activity in the hemolymph. However， the effect 
may not be large enough to claim that the mannosidase 
activity has a role in the hormone-controlled 
development. 
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Chapter 3 
Substances Contributing to Change in the Hemolymph 
Osmotic Pressure 
Abstract 
Changes in the concentrations of free amino 
acids， sugars and cations in the hemolymph of Bom主ヱ三
旦2玉よ wereexamined in relation to the change of 
hemolymph osmotic pressure during the fifth instar of 
larval development. The osmotic pressure of about 
280 mOsmoles/kg at day 0 increased to about 320 
mOsmoles/kg at day 5， then rapidly declined to about 
240 mOsmoles/kg at day 9. The concentration of amino 
acids also increased until day 5 and then began a 
decline parallel to the change in the osmotic 
pressure. Among the major amino acids in the 
hemolymph， the concentrations of threonine and 
histidine changed during development， whereas those 
of serine and glycine did not. The contribution of 
sugars to the osmotic pressure was small compared 
with七hatof the amino acids. The concentration of 
sodium ions began to decrease at day 4， prior to the 
decrease in the osmotic pressure and in the 
concentration of amino acids. The concentrations of 
potassium， magnesium and calcium remained relatively 
cons七antduring the fifth instar. These results 
indicate七hatthe change in the osmotic pressure 
during silkworm development is mainly attributable to 
the change in the concentration of amino acids. 
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Introduction 
The hemolymph， which exists in an unbound and 
non-vascular state， is in direct contact with cells， 
tissues and organs (Florkin and Jeuniaux， 1974; 
Mullins， 1985)， serves as their basic environment. 
Edney (1977) reported that large changes in hemolymph 
volume may occur when insects are exposed to various 
conditions. Furthermore， there are reports that 
insects are capable of strongly regulating hemolymph 
osmotic pressure even with large fluctuations 
hemolymph volume (Berridge， 1970; Wall， 1979; 
ln 
Coutchie and Crowe， 1979; Machin， 1981). However， we 
have found that the osmotic pressure of the hemolymph 
changes in the fifth instar followed by a change in 
the weight of the silkworm (Nakayama， 1990a)， and may 
play an important role in the developmental process. 
More than 90も of the osmotic pressure was accounted 
for by amino acids and cations (rather than sugars) 
(Nakayama， 1990a). 
In order to understand the role of the osmotic 
pressure in the change of body weight and larval 
development， kinetic changes in the amount of major 
amino acids and cations during development were 
studied. 
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工nsects
Larvae of Bo旦hヱ主 mo主 (Asahi and Tokai) were 
reared on an artificia1 diet (Si1kmate 2S) purchased 
from Nihon Nosan K.K.， Japan， in p1astic cases (115 
mm x 200 mm x 45 mm) under a 12L:12D photoperiod 
cyc1e at 250C. The first day after the fourth 
ecdysis was designated as day O. Five 1arvae were 
transferred to a p1astic case at day O. Larvae were 
samp1ed dai1y from days 0 to 9. Fresh diet was 
supp1ied dai1y. On1y fema1es were used in this 
experimen七. Larvae started spinning at day 8 and 
pupated at day 12. 
Osmotic pressure of hemo1ymph 
The silkwo工m body was punctu工edwith a need1e to 
co11ect hemo1ymph. The hemo1ymph (8 ~1) was 
subjected to osmotic pressure measurement with a 
vapor pressure osmometer (5100 C， Wescor 工nc.， 
U.S.A.). 
Determina七ionof amino acids， sugars and 
cations in the hemo1ymph 
The hemo1ymph (10 ~1) was mixed with 10 ~1 of 
ice-co1d 10宅 trichloroaceticacid (TCA) solution. 
After the addition of 980ぃ1of deionized water， the 
mixture was centrifuged at 12，000 rpm for 5 min at 
4oC. To determine amino acid content， the TCA-
solub1e fraction (100ぃ1) was mixed with 2.5 ml of 
o ninhydrin reagent and heated at 80~C for 10 min 
(Garre1 et al.， 1972). After coo1ing， the absorbance 
at 506 nm was measured with a spectrophotometer. L-
Leucine was used as the standard. To determine 
sugars， the TCA-solub1e fraction (0.2 m1) was mixed 
with 0.2 ml of 5も phenol solution and 1 ml of 
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su1furic acid (Dubois et a1.， 1956). After the 
samp1es had coo1ed， the absorbance at 490 nm was 
measured with a spectrophotometer. 
used as the standard. 
Treha10se was 
The TCA-so1ub1e fraction was subjected to cation 
measuどementwith an atomic absorption 
spectrophotometer (AA-670， Shimadzu， Japan). The 
solution was di1uted with deionized water to the 
desired extent. 
Am工noacid ana1γs i s 
An a1iquot of the hemo1ymph (10い1) was mixed 
with 30 
kept at 
]J 1 of 4老 su1fosa1icy1icacid solution 
4
0
C overnight. The mixture was then 
and 
centrifuged at 12，000 rpm for 10 min at 4oC. The 
supernatant was subjected to the ana1ysis of amino 
acid composition with an amino acid ana1yzer (K-202 
SN， Kyowa Seimitsu， Japan). 
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Figure 23 shows the change in the osmotic 
pressure of the hemolymph during development. The 
osmotic pressure increased gradually from day 0 to 
day 5， then decreased. Figure 24 shows the changes 
in amino acid and sugar concentration during 
development. The change in the amino acid 
concentration appears to be correlated with the 
osmotic pressure change. Changes in the 
concentration of sugars were insignificant. The 
molar concentration of sugar， which was expressed as 
the trehalose equivalent， was less than 20 mM and did 
not change much throughout the experimental period 
(Fig. 24). Thus， the contribution of sugars on the 
osmotic pressure of the hemolymph was not as much as 
that of the amino acids. The concentration of 
proteins in the hemolymph of the silkworm is at most 
35 mg/ml. The contribution of proteins to the change 
in the osmotic pressure of the hemolymph seems to be 
very small (less than 1 mM) during development. 
The free amino acid composition of the hemoly~ph 
was compared from day 3 to day 9 (Table 6); 
histidine， threonine， serine and glycine were the 
major constituents. When expressed in molar 
percentage， threonine decreased but histidine 
iηcreased after day 5 of the fifth instar (Table 6). 
The changes in concentration of histidine， threonine， 
serine and glycine levels are shown in Fig. 25. The 
concentration of threonine expressed by the molar 
concentrations declined after day 5 in parallel wi七h
the osmotic pressure change. The concentration of 
histidine declined after day 6. On the other hand， 
the molar concentrations of the other 2 major amino 
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acids， serine and glycine， showed less change. 
The change in sodium concentration in the 
hemolymph is shown in Fig. 26. The concentration of 
sodium ions began to decrease at day 4 of the fifth 
instar， prior to the onset of the decrease in the 
osmotic pressure and the amino acid concentrations. 
The potassium concentration was higher than that of 
sodium throughout the experimental period. The 
concentrations of divalent cations， magnesium and 
calcium， remained relatively constant during the 
fifth instar (Fig. 27). 
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Discussion 
The osmotic pressure of the hemolymph has been 
examined for Bomby主旦2王よ (Tsukadaet al.， 1986)， 
Hγalophora cecropia (Jungreis et al.， 1973) and 
Galleria mellonella (Czaja-Topinska and 
Klekowski， 1970)， but its role in their development 
has not been fully discussed. Our findings show that 
the osmotic pressuどe of the hemolymph increased 
gradually from day 0 to day 5， then decreased 
(Fig. 23). The fresh weight of the silkworm declined 
after day 7 (Nakayama， 1990a). The decrease in the 
osmotic pressure took place prior to the fresh weight 
change， which is a prerequisite stage for the 
initiation of spinning・ Thechange in osmotic 
pressure seems to have an important role in the 
initiatioηof spinning or larval-pupal ecdysis. 
Major solutes in the hemolymph are composed of 
amino acids， sugars such as trehalose， inorganic ions 
and proteins (Florkin and Jeuniaux， 1974; r1ullins， 
1985). 工n豆2旦亙ヱ三， 工nokuchi (1971) reported that 
the patterns of free amino acids in hemolymph are 
affected by various components of the diet， not just 
the amino acid composition of the diet. The 
measurernents of amino acid and sugar concentrations 
indicate 七hatthe change in the osmotic pressure of 
the hemolymph correlates well wi七h that in arnino acid 
concentration but not with that in sugars (Fig. 24). 
The silk gland， the tissue syntllesizing sill( 
proteins， grows rapidly to occupy t!le ~ody l)efore the 
onset o~ spinning. Larvae stop feedinゥ andarlIno 
acids in the hemolymph seef'1 to be rapidly consuf'1ed to 
pどeparefor the spinning; 七heconcentration of aIてlino 
acids therefore decreases after day 5. 
- 37 -
工nokuchi (1972) reported that amounts of the 
major amino acids occurring in the si1k protein， such 
as glycine， a1anine， and serine， but not tyrosine， 
decreased sharp1y during the spinning period. 
G1ycine， a1anine， serine， tyrosine and other amino 
acids are reported to be abundant in si1k proteins， 
whereas histidine and threonine are scarce (Shimura 
et a1.， 1976). On the other hand， a1though the net 
concentration of amino acids changed during 
deve1opment， mo1ar composition of a~ino acids (except 
for threonine， histidine， glutamic acid and 1eucine) 
in the hemo1ympn showed 1itt1e change (Talコ1e 6). 
Among the amino acids， threonine is a possib1e 
contributor to the osmoregu1ation of the hemo1ymph， 
because it shows a significant decrease and is not 
present in si1k proteins. 工t is no七 we11 understood 
why the 1eve1s of these amino acids change during 
deve1ooment. 
The change in the osmotic pressure of the 
hemo1ymph cannot be exp1ained sole1y by the change 
the amino acid concentration. 工norganic ions a1so 
contribute to the osmotic pressure. The sum of the 
concentrations of amino acids and ions accounts for 
ln 
up to 90も of the osmotic pressure (Nakayama， 1990a). 
The ions in the hemo1y~ph have been reported to 
affect insect nervous syste~s (Hiyazaki， 1980) and 
biochem工ca1 processes (Jungreis et a1.， 1974; 
Jungreis， 1978). Sodium， potassium， magnesium ano 
ca1cium are the ~ain cations in the hemo1ymph of 
Bo旦主ヱ三旦旦ζ主 1arvae (Nakayama， 1990a). 工n
phytophagous insects， the hemo1ymph is characterized 
by re1ative1y high concentrations of these cations 
(F1orlcin and Jeuniaux， 1974). In the ')lood of 
vertebrate anima1s， the concentration of soctium is 
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much higher than that of potassium and the 
concentrations of both are homeostatically 
controlled. Silkworm hemolymph， however， contains a 
higher concentration of potassium ions than sodium 
ions. Potassium ions may act as one of the major 
osmoactive substances (osmotica). On the other hand， 
sodium ions are less important as osmotica in 
Bo旦左ヱx mo互主. Shimizu (1982) reported that the 
hemolymph sodium concentration was higher in the 
larvae on the artificial diet than those fed on 
mulberry leaves. 
This study showed that sodium ion concentration 
changes during the development of the fifth instar of 
the silkworm. The concentration began to decrease at 
day 4， substantially earlier七hanthe onset of the 
decrease in the osmotic pressure and the amino acid 
concentration. The decrease in sodium ion 
concentration seems to be associated with changes ln 
the osmotic pressure and the concentration of amino 
acids， which may result in some biochemical changes 
leading to the ecdysis from larvae to pupae. 
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Chapter 4 
Relationship between Growth and Changes in Hemolymph 
Osmotic Pressure 
Abstract 
The effects of a juvenile hormone analog (JHA)， 
methoprene， application and a diet supplement with 
sodium chloride on larval growth and osmotic pressure 
of the hemolymph were examined in silkworm. JHA 
application induced two days delay of gut-purging and 
of the change in osmotic pressure. JHA did not 
affect the concentration of amino acid and sugar in 
the hemolymph. JHA treatment kept sodium ions in the 
hemolymph at a high level. Administration of a diet 
with sodium chloride supplement caused one day delay 
of gut-purging and of decrease in the osmotic 
pressure. These results suggested that the onset of 
the decrease in sodium ion concentration may be 
contどolledby hormones such a juvenile hormone and 
cause the decrease in the osmotic pressure of the 
hemolymph leading to the trigger of the 
metamorphosis. 
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The hemolymph has been viewed as a homeostatic 
fluid. From this point， it was implied that the 
regulation of hemolymph constituents is static or 
passive， rather than dynamic or active. The concept 
that hemolymph homeostasis is dynamic or active， has 
been advanced recently (Jungreis， 1980). 
The larval development of insect has been 
controlled by hormones， such as ecdysteroid and 
juvenile hormone. Ecdysteroids are known七oplay a 
key role in the completion of larval molt， but the 
types of mol七sare finely determined by the titers of 
juvenile hormone present at the time 
release (Nijhout and Wheeler， 1982). 
synthetic juvenile hormone analog. 
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can be prolonged by methoprene administration through 
the inhibition of the metamorphosis in many insects 
(Sehnal， 1983). In Bo旦註ヱ主 mo主， the dauer larvae 
were produced by exposing the last instar to 
relatively large amounts of a juvenile hormone analog 
such as methoprene (Akai and Kobayashi， 1971). 
A role of hemolymph on the growth had not been 
well studied in Bo旦主ヱ主旦2王主. Recently， Nakayama 
(1990a) どeportedthat the osmotic pressure of七he
hemolymph plays an important role in the 
developmental process of the silkworm. Amino acids 
appeared七omake the largest contribution to the 
osmotic pressure of the hemolymph. The decrease in 
the osmotic pressure appeared to take place prior to 
a decrease in body fresh weight which is the 
reflection of initiating spinning. Thus， the change 
of the osmotic pressure seemed to be followed by that 
of the weight of the worm. Sodium ion in the 
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hernolyrnph began to decrease earlier than the onset of 
the decrease in the osrnotic pressure. The decrease 
in the concentration of sodiurn ions in the hernolyrnph 
of the silkworrn takes place before the onset of 
spinning. A change in the osrnotic pressure follows 
its change. 
Thus， the decrease in the concentration of 
sodiurn ions in the hernolyrnph seerns to trigger the 
onset of the decrease in the osrnotic pressure， which 
in turn leads to the rnetarnorphosis. 工fit is the 
case， the juvenile horrnone will rnidify the pa七ternof 
changes in sodiurn ion concentration and the osrnotic 
pressure in the hernolyrnph. 工n addition， sodiurn 
adrninistration would prevent the decrease in sodiurn 
ion content and thus cause a delay of the decrease 
the osrnotic pressure and rnetarnorphosis. In this 
study， this possibility was exarnined. 
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Materials and Methods 
工nsects
Larvae of silkworm， Bombヱ主 mo主 (a racial 
hybrid of Asahi and Tokai)， were reared in plastic 
cases (115 x 200 x 45 mm) on an artificial diet 
(8ilkmate 28) purchased from Nihon Nosan K.K. under a 
0 12L:12D photoperoid cycle at 25~C. The first day 
after the fourth ecdysis was designated as day O. 
Five female larvae were transferred to a case at day 
o. The diet was changed to a fresh one every day. 
Ten larvae were sampled eveどyday in the fifth instar 
and their weight were measured with an electric 
balance. 
JHA application 
JHA， methoprene (Manta， Otsuka Phaどm. Co.) was 
dissolved in ethanol at a concentration of 1.0ぃg/ul
and 1 ~l was applied七o the surface of body wall of 
the silkworm with a microsyringe on day 2. Control 
larvae were treated with ethanol only. 
Diets with sodium chloride supplement 
The diet was lyophilized and then 100 mM， 200 mM 
and 400 mM of sodium chloride solution were added. 
Control diets were treated with deionized water. The 
larvae reared on a diet with sodium chloride 
supplement were designated as NaCl-treated laどvae.
Osmotic pressure of hemolγmph 
The silkworm body was punctured with a needle七O
collect the exudate， that is， the hemolymph. 
工mmediatelythe hemolymph (8 ~l) was subjected to the 
osmo七icpressure measurement with a vapor pressure 
osmometer (5100 C， Wescor Inc.， U.S.A.). 
Hemolymph composition 
The hemolymph (50 ~l) was mixed with 50 ~l of 
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After the addition of 900 wl of deionized water， the 
mixture was centrifuged at 12，000 rpm for 10 min at 
4oC. The TCA-soluble fraction was subjected to 
amino acid， sugar and cation measurements. The free 
amino acid was measured by the method of Garrel et 
al. (1972). The fraction of the hemolymph (0.1 ml) 
was mixed with 2.5 ml of ninhydrin reagent and heated 
a七 800C for 10 min. After cooling， the absorbance 
at 506 nm was measured with a spectrophotometer. L-
Leucine was used as the standard. The sugars of 
hemolymph were measuどedby the method of Dubois e七
al. (1956). The fraction (0.2 ml) was mixed with 0.2 
ml of 5も phenolsolution and 1 ml of sulfuric acid. 
Afteど coolingthe samples， the absorbance at 490 nm 
was measured with a spectrophotometer. The 七どehalose
was used as the standard. 
Cation concentration was measured with an atomic 
absorption spectrophotometer (AA-690， Shimadzu， 
Japan). The solution was diluted with deionized 
water to the desired extent. 
-44 -
一Results 
Effect of JHA application 
Figure 28 shows the changes in body weight of 
larvae treated with and without JHA. When 1.0 Wg of 
JHA (rnethoprene) were applied on day 2 in the fifth 
instar， all larvae started gut-purging between days 9 
and 10. Control larvae purged their guts on day 7. 
The onset of spinning was on day 8 and pupation was 
on day 12 in this condition. JHA application 
prolonged the terrn of fifth larval instar by two 
days. 
The osrnotic pressure of the control larvae 
increased gradually to day 5 then decrease. The 
decrease in osrnotic pressure of JHA-treated larvae 
had two days delay as cornpared with that of control 
larvae (Fig. 29). JHA application caused no 
significant differences in amino acid content of the 
hemolymph (Fig. 30). JHA also had alrnost no effect 
on sugar content in the hernolyrnph (Fig. 31). 
Next， inorganic cation concentrations in the 
hernolyrnph were then exarnined. Figure 32 shows 
effects of JHA application on sodiurn ion 
concentration. The sodiurn ion concentration of 
control larvae began to decrease at day 4. On the 
other hand， the sodiurn ion concentration in JHA-
treated larvae was rnaintained at a relatively high 
level after day 4. There was little effect of JHA 
application on potassiurn ion concentration (Fig. 33). 
The potassium ion concentration was higher than 
sodiurn throughout the experirnental period. Figure 34 
shows effects of JHA application on rnagnesiurn ion 
concentration. The concentration of rnagnesiurn was 
alrnost constant during development. There is no 
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treatment. Figure 35 shows effec七sof JHA on calcium 
ion concentration. The concentration was almost 
constant and no difference. 
Effect of a diet with sodium chloride 一一
supplement2旦 gro主主主主主竺 hemolymphosmotic pressure 
工norder to know whether or not the delay of 
development is caused by the high sodium ion 
concentration of the hemolymph， the larvae were 
reared on a diet with sodium chloride supplement 
(NaCl-treated larvae). Figure 36 shows changes in 
body weight of Bo旦註ヱ主旦2王JLreared on a dietwith 
addition of various concentration of sodium chloride. 
The pattern of changes in body weight was almost 
similar for all groups on each diet， except the 
larvae reared on the diet treated with 400 mM sodium 
chloride， but it appears to shift. When 100 mM 
sodium chloride was supplemented， larvae purged their 
guts on day 8. Control larvae purged their guts on 
day 7. The onset of spinning was on day 8 and 
pupation was on day 12. On七heother hand， no 
difference was observed in larvae reared on diets 
with and without potassium chloride supplement (data 
not shown). 
As shown in Fig. 37， osmotic pressure in control 
larvae was declined on day 5， while in NaCl-treated 
larvae decどeasedon day 6. The decrease in osmotic 
pressure of NaCl-treated larvae had one day delay 
compared with that in control larvae. The decrease 
in amino acid concentration of the control larvae 
began 2 days earlieど七hanNaCl-treated larvae. Figuどe
38 shows effect of a diet with sodium chloride 
supplement on sugar concentration. There was no 
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difference with and without sodium chloride 
supplement. 
Figure 40 shows the effect of a diet with 
sodium chloride supplement on sodium ion 
concentration. There was a significant difference 
between the sodium ion concentration of NaCl-treated 
larvae and that of control larvae. Figure 41 shows 
the effect of a diet sodium chloride supplement on 
potassium ion concentration. There was no difference 
between the potassium ion concentration of NaCl-
treated larvae and control ones. Figures 42 and 43 
show effects of a diet with sodium chloride 
supplement on magnesium and calcium ion 
concentrations. The工rcontents were almost constant 
during development. There were no significant 
differences between NaCl-treated larvae and control 
ones in all cases. 
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Hemolymph properties during the fifth instar 
development changed pどiorto morphological changes in 
the conversion of larvae to adults. The osmotic 
pressure has been suggested to play a role in the 
development of the silkworm， Bo旦主ヱ主主2ζ主
(Nakayama， 1990a). However， physiological functions 
of osmotic pressure in the hemolymph for grow~h and 
metamorphosis is not known yet. The purpose of this 
study was 七o investigate the possibility that either 
JHA application or a diet with sodium chloride 
supplement can cause effects on growth and 
development， by affecting the osmotic pressure of the 
hemolymph. 
Akai and Kobayashi (1971) and Kobari and Akai 
(1978) demonstrated that the permanent larvae were 
produced by exposing the last instar to relatively 
large amounts of JHA in Bombγx mori. We found also 
that JHA treatment prolonged the term of fifth larval 
instar by two days (Fig. 28). The decrease in 
osmotic pressure of JHA-treated larvae had two days 
delay as compared with that of control larvae (Fig. 
29). JHA application caused no significant 
differences in amino acid and sugar content in the 
hemolymph (Figs. 30 and 31). These results indicate 
that JHA does not exert its effect on the osmotic 
pressure of the hemolymph through modifica七ionof the 
concentrations of amino acids and sugars. 
JHA application caused to decrease in sodium ion 
concentration of the hemolymph from three days after 
treatment (Fig. 32). Magnesium calcium and potassium 
ions must influence many biochemical reactions and 
thus be important factors for development (Harvey et 
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al.， 1975; Jungreis et al.， 1974). However， these 
ions appear to be not so importan七 assodium ions for 
the changes of osmotic pressure because they change 
little during the larval development. These results 
suggested that the onset of the decrease in sodium 
ion concentration acts one of the triggers to cause 
the following decrease in the concentrations of the 
amino acids and the osmotic pressure， which may 
result in some biochemical changes leading to the 
ecdysis from larvae七opupae. 
We found that a diet with sodium chloride 
supplement caused a delay on growth， gut-purging and 
larval-pupal ecdysis. The diet with sodium chloride 
supplement also caused a delay of changes in the 
osmotic pressure and the sodium ion concentration of 
the hemolymph. These findings suggest that the diet 
with sodium chloride supplement is first ingested in 
the hemolymph. 
Incorporated sodium ions prevent the decrease in 
the sodium ion concentration by an increase in their 
concentration. However， the increase in sodium ions 
is not enough to account for the delay of the change 
in the osmotic pressure. 工tis not likely that 
sodium ions act just as an osmoticum on the 
regulation of the osmotic pressure of the hemolymph. 
Sodium ions would control the osmotic pressure 
through some other mechanisms. 
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General Discussion 
The major function of the hemolymph is to act as 
the internal environment for the insect's organs. The 
insect hemolymph is different from the body fluids of 
organisms from other animal phyla. The insect 
hemolymph is characterized by high levels of organic 
molecules and low levels of inorganic molecules， a 
relatively high organic phosphate content， and a wide 
variety of enzyme activities and the presence of 
trehalose as the carbohydどate. Since the insect 
tracheal system provides efficient gas exchange to 
tissues without involving the circulatory system in 
any major way (Mullins， 1985)， there is a lack of 
oxygen or carbon carriers in the insect hemolymph. 
Al thouqh exceptIona l Ly，he1110 lymph o f Chironomus 
larvae contains hemoglobin. 
One important property of the hemolymph lS the 
physico-chemical property. Physico-chemical 
properties of the hemolymph are based on its chemical 
composition. The hemolymph consists of amino acids， 
sugars such as trehalose， proteins and inorganic 
ions. Its composition is highly variable among the 
diverse species and at different developmental stages 
even in the same species (Florkin and Jeuniaux， 1974; 
Mullins， 1985). 工n the pどesentinvestigation， we 
s七udiedthe change in physico-chemical properties in 
hemolymph of the silkworm， Bo旦包主旦旦ζi，to 
clarify a role of hemolymph in development and 
metamorphosis. 
Of七hephysico-chemical properties， the changes 
in the viscosity of the hemolymph were found to be 
どelatedwith those in the protein concentration 
during development. The pH value appeared to be 
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contro11ed homeostatica11y. Furthermore， the osmotic 
pressure of the hemo1ymph of Bombヱ主旦旦王JL
increased gradua11y from day 0 to day 5， then 
decreased as described in Chapter 3. The fresh 
weight of the si1kworm dec1ined after day 7 
(Nakayama， 1990a). The decrease in the osmotic 
pressure took p1ace prior to the fresh weight change， 
which is a prerequisite stage for the initiation of 
spinning (Nakayama， 1990a). The change in osmotic 
pressure seems to have an important ro1e in the 
initiation of spinning or 1arva1-pupa1 ecdysis. Some 
insects (Monema f1avescens) showa considerab1e 
increase of the hemo1ymph osmotic pressure during 
oveどwintering，owing to the accumu1ation of glycero1 
(Asahina et a1.， 1954). Genera11y， insects are ab1e 
to regu1ate the osmotic pressure of the hemo1ymph. 
For instance， during dehydration， the hemo1ymph 
vo1ume decreases， but the osmotic pressure remains 
cons七ant，due to a concomitant 10wering of the 
concentration of solutes. Some different cases have 
been reported. 工nAntherae9..J2.豆互旦ヱ主 (Fyhn and 
Saether， 1970)， the osmotic pressure a1most remains 
at a constant 1eve1 throughout the deve1opment， 
because of a regu1ation of the concentration of the 
free amino acid of the hemo1ymph. On the contrary， 
in Ga11eria me11one11a， the osmotic pressure 
decreases sharp1y prior to pupa1 mo1t and during 
pupa1 1ife， and increases at the time of adu1t 
ecdysis (Czaja-Topinska and K1ekowski， 1970). 
The fresh and dry weight of the 1arva gradua11y 
increased unti1 gut-purging at day 7， and then 
decreased (Nakayama， 1990b). However， gut-purging 
accompanied with 10ss of water may cause the increase 
in the concentration of solutes in the hemo1ymph as 
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described in Chapter 1. The osmotic pressure is 
attributed to the number of solute molecules and thus 
to the concentration of the solutes with low 
molecular weight. The measurement of amino acid and 
sugar concentrations indicated that the change in the 
osmotic pressure in the hemolymph was correlated with 
七hatin amino acid concentration. Amino acids 
appeared to be accumulated in the hemolymph from day 
O 七oday 5 and were found to be at their highest 
concentration at the day 5 when the osmotic pressure 
peaked. Of major amino acids in the hemolymph， the 
concentrations of threonine and histidine changed 
during development， whereas those of serine and 
glycine did no七 (Nakayama1991). The decrease in the 
osmotic pressure took place just prior to the 
decrease of body fresh weight which marks the 
initiating of spinning. There is thus a possibility 
that osmotic pressure of the hemolymph is involved in 
the mechanism to control the development of insect 
larvae and for this reason changes during 
development. 
Of course， the change in the osmotic pressure 
of the hemolymph cannot be explained solely by the 
change in the amino acid concentration. Major 
solutes of the hemolymph in insects are composed of 
amino acids， sugars such as trehalose， inorganic ions 
and proteins (Florkin and Jeuniaux， 1974; Mullins， 
1985). Inokuchi (1971，1972) reported that the 
patterns of free amino acids in hemolymph of Bo旦主ヱ主
旦2主 areaffected by various components of the 
diet， not just the amino acid composition of the 
diet. Hirano and Yamashita (1983) reported that the 
concentration of trehalose in the hemolymph and 
trehalose synthase activity changes during 
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indicate， however， that the change in the osmotic 
pressure of the hemolymph correlates well with七hat
in amino acid concentration but not well with sugars. 
Larvae stop feeding and amino acids in the hemolymph 
seem to be rapidly consumed to prepare for the 
spinning， and therefore the concentration of the 
amino acids decreases after day 5. The silk gland， 
the tissue syn七hesizingsilk proteins， grows rapidly 
七o occupy the body before the onset of spinning 
(Shimura et al. 1976). 
Miyazaki (1980) indicated that the ions in the 
hemolymph affected Bo旦註ヱ主 nervoussystems. 
Jungreis et al.， (1974) indicated that ions affected 
biochemical processes. The ion chromatography 
tequnique revealed that sodium， potassium， magnesium 
and calcium are the main cations in the hemolymph of 
Bo旦主ヱ主旦旦ζLlarvae. In phytophaqous insects ， 
Florkin and Jeuniaux (1974) had reviewed that the 
hemolymph is characterized by relatively high 
concentrations of these cations. 工nvertebrate， the 
sodium ion concentration is much higher than 
potassium ion concentration and the concentrations of 
both are homeostatically controlled (Prosser， 1973). 
Silkworm hemolymph contains a higher concentration of 
potassium ions than sodium ions. Shimizu (1982) 
どeportedthat the po七assiumlevels in the hemolymph 
changed little during the feeding and maturation 
stage in the silkworm larvae reared on mulberry 
leaves and an artificial diet. Potassium ions may 
act as one of the major osmoactive substances. On 
the other hand， sodium ions are less important as 
osmotica in Bom主ヱ主旦2ζi. Shimizu (1982) reported 
that the sodium ion concentration was higher in the 
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leaves. 
The present study showed that sodium ion 
concentration changes during the development of the 
fifth instar of the silkworm. Their concentration 
began to decrease at day 4， substantially earlier 
than the onset of the decrease in the osmotic 
pressure and the amino acid concentration. The 
decrease in sodium ion concentration seems to be 
associated with changes in the osmotic pressure and 
the concentration of amino acids， which may result in 
some biochemical changes leading to the ecdysis from 
larvae to pupae. 
Nijhout and Wheeler (1982) reported that 
ecdysteroids are known to play a key role in the 
completion of larval molt， but the types of molts are 
finely determined by the titers of j.uvenile hormone 
present at the time of ecdysone release. Methoprene 
is a synthetic juvenile hormone analog (JHA). Sehnal 
(1983) reviewed the larval life can be prolonged by 
JHA administration. 工nother words， JHA inhibits the 
metamorphosis of many insects. Akai and Kobayashi 
(1971) demonstarted that the permanent larvae can be 
produced by exposing the last instar to relatively 
large amounts of juvenile hormone analog in Bombヱ三
mori. Shimada and Kamada (1980) demonstrated that 
JHA acts to modify the development of Bo旦主ヱ主
morl. The modification of development どesults 工n
the delayed larval maturation and increased silk 
production when juvenile hormone analog is applied to 
fifth instar larvae (Shigematsu， 1978). 
The mechanisms on larval development by JHA 
trea七mentcan be summarized as follows: JHA delay is 
caused by residual analog at the end of the last 
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instar， enhancement of the size-threshold cascade， 
and possibly， rese七七ingof critical size. JHA 
application has been reported to exert inhibitory 
effects on protein synthesis (Shigematsu， 1982). 
However， our investigation indicated that JHA 
application had no effects on amino acid and sugar 
concentration as described in Chapter 4. These 
results indicate that the JHA does not exert its 
effect on the osmotic pressure of the hemolymph 
through modification of amino acids and sugars. 
Effect of JHA application on sodium ion 
concentration of the hemolymph began to decrease 
significantly from three days after treatment as 
described in Chapter 4. JHA enhanced the decrease of 
sodium ion concentration. Jungreis et al. (1974) 
proposed that the ions in the hemolymph affect the 
biochemical condition. Shimizu (1982) has reported 
varying concentrations of cations in hemolymph upon 
changing diets. We found that the concentration of 
sodium ions changed during development. Sodium ions 
began to decrease at day 3 much earlier than the 
onset of the decrease in the osmotic pressure and the 
amino acid concentration. In addition， magnesium 
calcium and potassium ions must influence many 
biochemical reactions and thus be important factors 
for developmen七 (Harveyet al.， 1975; Jungreis et 
al.， 1974). However， these ions appear to be not so 
important as compared with sodium ions because they 
change little during the larval development. These 
results suggest that the onset of the decrease in 
sodium ion concentration is one of the triggers of 
the decrease of amino acids and the osmotic pressure， 
which may result in biochemical changes leading to 
the ecdysis from larvae to pupae. 
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A question arises whether the changes of sodium 
ion concentration actually lead to hemolymph osmotic 
pressure changing. Sodium ion concentrations began 
to decrease much eaどlierthan the onset of七he
decrease in七heosmotic pressure. We studied the 
effects of a diet with sodium chloride supplement on 
hemolymph osmotic pressure and sodium ion 
concentra七ion. We found that a diet with sodium 
chloride supplement caused a delay of growth， gut-
purge and metamorphosis. A diet with sodium chloride 
supplement also caused a delay of changes in the 
osmotic pressure and the concentration of sodium ions 
in the hemolymph. Sodium added to七hediet is first 
ingested and goes in the hemolymph. 工ncorporated ， 
sodium ions prevent the decrease in the sodium ion 
concentration by an increase in their concentration. 
Howeveど， the increase in sodium ions is not large 
enough to account for the delay of the change in the 
osmotic pressure. It is not likely that sodium ions 
act just as an osmoticum on the regulating the 
osmotic pressure of the hemolymph. Sodium ions would 
control the osmotic pressure through some other 
mechanisms. The osmotic pressure of the hemolymph is 
possibly modified by a hormone action through sodium 
action. 
工n summary， the decrease of the hemolymph 
osmotic pressure began before the spinning. This 
suggests that the change in the osmotic pressure 
plays a role in the preparation for spinning or is a 
trigger to initiate metamorphosis. The changes in 
amino acid concentration were parallel with the 
changes in the osmotic pressure. Sodium ion 
concentrations began to decrease prior to a decrease 
in the osmotic pressure and in the amino acid 
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「concentration. This indicates that the change in the 
osrnotic pressure during silkworrn developrnent is 
rnainly attributable to the change in the 
concentration of arnino acids. 
Growth was delayed by JHA application and a diet 
with sodiurn chloride supplernent. Sodiurn ion 
concentrations began to decrease rnuch earlier than 
the onset of the decrease in the osrnotic pressure. 
Frorn these results， we conclude that sodiurn ion is an 
irnportant key substance in larval developrnent. 
?
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gel by F-工 obtained
column. 
Table 1. 
Estimated molecular weights of 
filtration on a Sephadex G-150 
F 
MW bands of Number 
250，000 
210，000 
180，000 
130，000 
115，000 
78，000 
64，000 
56，000 
30，000 
above 
??
「?』?
????
????
• 
71 ー
• 
チーTable 2. 
Amino acid composition of F-I obtained by gel 
filtration on a Sephadex G-150. 
Amino acid (molar も)
Aspartic acid 
Glutamic acid 
Threonine 
Serine 
Glycine 
Alanine 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Lysine 
Histidine 
Arginine 
?????????????????
?
?
?
?
?
??
?
?
????
?
?
っ ，
????
???
Total 100.0 
Data expressed as percentage of total recovered 
amino acid. No correction was made for 
destruction during acid hydrolysis. Tryptophan 
was not determined. 
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Hexose 
Hexosamine 
Methyl pentose 
8.5 
3. 7 
0.2 
0.2 
2.0 
o . 1 
o •2 (も)
2. 1 
O. 1 
F 
Table 3. 
Chemical composition of each fraction obtained by gel 
filtration on a Sephadex G-150 column. 
F-工 F-工 F-工工工
Total 1 2.4 2.3 2.4 
「 ?
?
??
... 剛匝ーー
Table 4. 
Neutral sugar content of the hemolymph fractions. 
Fraction 
Soluble 
Insoluble 
Lipid 
Neutral sugar content (mg/ml) 
Glucose 
3.61:t 0.15 
0.04 + 0.01 
0.01 
Mannose Galactose 
ND 
0.68:': 0.03 
ND 
ND 
0.01 
ND 
The hemolymph was collected from the fifth instar at 
day 7 and fractionated into the ethanol soluble， the 
ethanol insoluble and lipid fractions. Their neutral 
sugar composition was determined by gas-liquid 
chromatography. Mean values with standard errors 
(n=3). ND: not detected. 
一 74 -
p-var工ousagainst hemolymph 
Table 5. 
Hydrolytic activities of 
nitrophenyl glycosides. 
F 
protein) (units/mg Activity 
Glycosidases 
Pupae Larvae 
0.43 
o . 01 
0.01 
0.01 
0.25 
0.07 
0.01 
0.03 
o . 01 
o. 1 9 
? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
1 3. 73 
0.42 
0.28 
2 • 1 1 
11 .85 
1 .59 
0.34 
1 .22 
2 • 11 
1 .27 
0.01 
0.01 
0.01 
0.03 
0.04 
0.30 
0.01 
0.01 
0.26 
0.01 
? ? ? ? ? ? ? ? ?
6.31 
0.34 
0.23 
1 1 • 1 0 
7.03 
2.45 
0.04 
0.31 
1 .38 
O. 1 4 
α-Glc-ase 
s-Glc-ase 
α-Gal-ase 
s-Gal-ase 
α-Man-ase 
s-Man-ase 
α-Xyl-ase 
s-Xyl-ase 
α-Ara-ase 
s-Fuc-ase 
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Table 6. 
Free amino acid composition of the hemolymph of 
Bo旦担ヱ主旦旦主主・
Amino acid (molarも)
Day 3 Day 5 Day 7 Day 9 
Aspartic acid 0.8 1 • 4 2. 1 3 . 1 
Glutamic acid 5.2 1 • 0 7.0 4.5 
Threonine 23. 1 23.8 1 6.8 7.8 
Serine 1 5. 1 1 1 • 7 1 2.1 1 4.0 
Glycine 1 0.4 1 2.6 1 0.0 1 4.0 
Alanine 3.4 3.5 4.7 1 • 6 
Valine 3.0 2.8 1 • 7 2.0 
Methionine 0.7 0.5 1 • 1 2.2 
工soleucine 1 • 4 1 • 3 1 . 4 0.8 
Leucine 2.3 2.3 1 • 9 1 .8 
Tyrosine 3 • 1 2.5 3.5 6.8 
Phenylalanine 1 • 3 1 • 2 2.2 1 . 3 
Lysine 0.8 5.9 4 • 1 3. 1 
Histidine 26.5 27.7 29.4 35.3 
Arginine 2.9 1 .8 2.0 1 • 7 
Total 100.0 100.0 100.0 1 00.0 
The hemolymph of the fifth instar of Bom主ヱ主
旦2王主 from day 3 to day 9 was collected and 
subjected to amino acid analysis. The composition is 
exp~essed as the molar ratio in percentage form. 
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Figure 1. 
1 2 3 4 5 6 789 
(5) 
Days after 4th ecdysis 
10 1 12 
( p) 
Changes in the individual fresh weight of 
Bo旦主ヱ主 mo王主 duringdevelopment. The 
larvae were grown as described in the text 
and were subjected to a weight measurment. 
The data represent mean values ~ith standard 
errors (n=1 0) . (S) and (P) on the abscissa 
show the onset of spinning and larval-pupal 
ecdysis. 
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Days after 4th ecdysis 
Figure 2. 
10 1 12 
( p) 
Changes in the individual dry weight of 
Bo旦主ヱ三旦2互主 duringdevelopment. The 
larvae which were grown as described in the 
text were subjected to lyophilization and 
then to the weight measurement. The data 
represent mean values with standard errors 
(n=1 0) . (S) and (P) on the abscissa show 
the onset of spinning and larval-pupal 
ecdysis. 
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Figure 3. 
Changes in the wateど content of Bo旦主ヱ主
mo王iduring development. The values were 
calculated from the data shown in Figs. 1 
and 2. (5) and (P) on the abscissa show the 
onset of spinning and larval-pupal ecdysis. 
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Figure 4. 
Changes in the water content of 
hemolymph of Bombヱ主旦2ζiduring 
development .The hemolymph wa s col leeted by 
cutting the abdominal legs of the larva and 
centri fuqed at 3，50 0 rpm to remove hemocytes 
and subj ectedto lyophi l i zation.The water 
content was calculated from its weight 
before and af七erlyophi 1 i za tion. ( S) and 
(P) on the abscissa show the onset of 
spinning and larval-pupal ecdysis. 
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Figure 5. 
Correlation between the water content of the 
body and that of the hemolymph fどomthe data 
shown in Figs. 3 and 4. 
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2 3 4 5 6 789 
(5) 
Days after 4th eCdysis 
10 1 12 
(p) 
Changes in the pH value in the hemolymph of 
Bo旦主ヱ三 mo互主 duringdevelopment. The 
hemolymph was collected by cutting the 
abdominal legs of the larva and guickly 
subjec七edto the pH measurement. Standard 
errors are within the circles (n=3). (S) 
and (P) on the abscissa show the onset of 
spinning and larval-pupal ecdysis. 
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Changes in the relative viscosity of the 
hemolymph of Bo旦泣三旦包i.during 
development. The hemolymph was collected by 
cutting the abdominal legs and centrifuged 
at 3，500 rpm for 15 min to remove hemocytes. 
The viscosity was mea~ured with an Ostwald-
type viscometer at 25~C. The data 
represent mean values of three 
determinations. 8tandard errors are within 
七hecircles. (8) and (P) on七heabscissa 
show the onset of spinning and larval-pupal 
ecdysis. 
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(p) 
Changes in the protein concentration in the 
hernolyrnph of Born主工主旦旦主主 during 
developrnent. The hernolyrnph was collected by 
cutting the abdorninal legs and centrifuged 
at 3，500 rprn for 15 rnin to rernove hernocytes 
and then the sarnple was subjected to the 
protein deterrnina七iorl・ Thedata represen七
mean values with standard errors (n=3). (S) 
and (P) on the abscissa show the onset of 
spinning and larval-pupal ecdysis. 
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Figure 9. 
123456789 
(5) 
Days after 4th ecdysis 
Changes in the osrnotic pressure of the 
hemolyrnph of Bo旦辺三旦旦ζLduring
10 1 12 
(p) 
development. The hernolymph of the larva was 
collected by puncturing the body with a 
needle and aspirating into a rnicropipette. 
The osmotic pressure was rneasured with a 
vapor pressure osm只rneter (5100 C， Wescor 
工nc. U.S.A.) at 25~C. The data represent 
rnean values of ten insects. Standard errors 
are within the circles. (S) and (P) on the 
abscissa show the onset of spinning and 
larval-pupal ecdysis. 
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Figure 10. 
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Days after 4th ecdysis 
9 10 1 12 
( p) 
Changes in the amino acid and the sugar 
concentrations in the hemolymph of Bombγx 
盟主主 duringdevelopment . The hemlYEEr-
was col leeted by cuttingthe abdominal legs 
and centri fuqed at3，500 rpm for 15min to 
remove hemocytes and subjected to the amino 
acid and the sugar determination. The data 
represent mean values with standard errors 
(n=3). Open circles and closed circlesふow
the amino acid and the sugar，respectively; 
(S)and (P)onthe absci ssa show the onset 
of spinning and larval-pupal ecdysis. 
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Figure 11. 
Sodium dodecyl sul fate (SDS)polyaerylamide 
qel ekctrophoresis of silkworm hemolyI叩 h.
Proteins were separated on a 12.5も geland 
stalrled Cooma s s i e Br i l l i antBlue R-250. 
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Figure 13. 
SDS-polyacrylamide gel electrophoresis of 
each fraction obtained by gel filtration. 
The qe l s were stairled with COOTIla s s i e 
Brilliant Blue R-250. 1， F-工; 2， F-工工;
F-工工工.
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Figure 14. 
SDS-polyacrylamide gel electrophoresis of 
each fraction after treatment with s-
mercaptoethanol. The gels were stained with 
Coomassie Brilliant Blue R-250. 1， Fー 工; 2， 
F-I工; 3， F-工 1.
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Figure 15. 
SDS-polyacrylamide gel electrophoresis of 
each fraction obtained by gel filtration. 
The gel s were s tained wi th periodic acid-
Schiff (PAS) reagent. 1 I Fー 工; 2 I Fー 工工; 3 I F-
工工工.
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Figure 16. 
Changes in mannose， glucose and galactose 
content of the ethanol insoluble frac七ionof 
hemolymph during development. The ethanol 
insoluble fraction was hydrolyzed to release 
neutral sugars. Mannose (一・一)， 
glucose (-0 ー) and galactose 
(ー+ー) contents were determined 
liguid chromatography. 
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Figure 17. 
Effects of pH on ~-glucosidase (A)， s-
glucosidase (B)，α-galactosidase(C)and S-
galactosidase (D) activities in the 
hemolymph of the silkworm larvae and pupae. 
Act ivitle s were measured in 20 O RIM sodium 
acetate buffers from pH 3.5 to 6.5. 
Substrates were the p-nitrophenolesters of 
the indicated glycosides. Each point 
represents the mean from three 
determinations. Open circles indicate the 
activity in pupal hemolymph and closed 
circles indicate the activity in larval 
hemolymph 
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Figure 18. 
Effects of pH on a-mannosidase (A)， s-
mannosidase (B)，α-xylosidase (C) and s-
xylosidase (D) activities in the hemolymph 
of the silkworm larvae and pupae. Activities 
were measured in 200 mM sodium aceta七e
buffers from pH 3.5 to 6.5. Substrates were 
the p-nitrophenolesters of the indicated 
glycosides. Each point represents the mean 
from three determinations. Open circles 
indicate the activity in pupal hemolymph and 
closed circles indicate the activity in 
larval hemolymph 
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Figure 19. 
Effects of pH on S -fucosidase (A) and α-
arabinosidase (B) activities in the 
hemolymph of the silkworm larvae and pupae. 
Activities were mea sured in 20 0 mM sodium 
acetate buffers from pH 3.5 to 6.5. 
Substrates were the p-nitrophenolesters of 
the indicated glycosides. Each point 
represents the mean from three 
determinations. Open circles indicate the 
activity in pupal hemolymph and closed 
circles indicate the activity in larval 
hemolymph 
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Figure 20. 
Changes in glycosidase activities in the 
hemolymph of the silkworm during 
development. The hemolymph， collected by 
cutting the abdominal legs， was centrifuged 
a七 3，000rpm for 15 min and used to test for 
enzyme activity. Glycosidase activities 
were determined by using p-nitrophenyl-α-
glucoside as the substrate. The data 
repどesentmean values with standard eどどors
(n= 3) . 
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Figure 21. 
Correlation between mannose content and 
mannosidase activity. The correlation 
coefficient was calculated from the data 
shown in Figs. 16 and 20. 
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Figure 22. 
Effect of juvenile hormone analog (JHA， 
methoprene) on the α-mannosidase activity of 
the hemolymph. The data for methoprene 
treated larvae (-0 -) and control 
larvae (-・-) represent mean values 
with standard errors (n=3). 
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Figure 23. 
Changes in the osrnotic pressure of the 
hernolyrnph of Bo旦亙ヱ主旦2主主 during
9 
developrnent. The hernolyrnph of the larva was 
collected by puncturing the body with a 
needle. The osrnotic pressure was rneasured 
with a vapor pressure osrnorneter. The data 
represent rnean values with standard eどどors
(n = 9). 
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Figure 24. 
Changes in the am工noacid and the sugar 
concentrations in the hemolymph of Bombyx 
盟主主 duringdevelopment . The hemoly百戸 of
Bomby主旦2玉iwas collected by cutting the 
abdominal legs and subjected to amino acid 
(一口一) and sugar (~・一)
determination. The data represent mean 
values with standard errors (n = 6). 
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Figure 25. 
Ch号nqesin concentrations of fO11r mM(F 
lno acids in the hemlymph du;7;u」)ム
development ofE盟主エ笠旦2旦・ The y 
Em:;12191323tE5m?25421cted 
LO 工.oac id ana l ys i s.cha nq s-
histid工ne (一口一)， threonine (-a一)， 
ne (ームー) and glycine (-Aー)
ntra tlons were plotted . 
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Figure 26. 
Change s i n sod i um i on concentra t i ons i n the 
hemo l ymph duri nqdeve lOPInent o f Bombvx 
担旦・ The data represent the mean完工ues
with standard error (n = 3). 
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Figure 27. 
char1qe s i n.Pot a s s i um，maqne s i um and ca l c i um
con?eTtrミ七工ons in the hemolyr叩 h of Bo山 vx
盟主主山r工nqdevelopment . The data託二ι
potass工um (一・-)， magnesium (一口一)
and calcium (-A一) represent mean values 
w i th s tandard errors(n=3). 
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Figure 28. 
Effects of juvenile hormone analog (JHA， 
methoprene) application on growth of 
Bo旦主ヱ三旦旦主主・ Methoprene (1.0いg/larva)
was applied on day 2 of the fifth instar 
(一・-)， and the control larvae 
(- 0 -) treated with ethanol only. The 
data represent mean values with standard 
errors (n=l 0) . 
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Figure 29. 
Effects of juvenile hormone analog (JHA， 
methopどene) application on osmotic pressure 
of hemolymph of Bombヱ三 moζ4. The 
hemolymph of the larva was collected by 
puncturing the body with a needle. The 
osmotic pressure was measured with a vapor 
pressure osmometer. Methoprene (1.0 
~g/larva) was applied on day 2 of the fifth 
instar and the control larvae treated with 
ethanol only. The data for methoprene 
treated larvae (一・一) and control 
larvae (-0 一) represent mean values 
with standard errors (n=10). 
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Figure 30. 
Effects of juveni le hormone analoq(JHA， 
me thoprene)appl i ca t ion on ami no ac i d' 
coneentra t ions i n s i lkworm hemo l ymph. 
Methoprene(1.ouq/larva )wa s appl ied on day 
2o f the f i f thins ta r a nd the contro l l arvae 
treated with ethanol only. The data of 
rnethoprene treated larvae (一・一) and 
control larvae (-0 -) represent rnean 
values with standaどd errors (n= 1 0) . 
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Figure 31. 
o 1 2 3 4 5 6 7 8 9 10
Days after 4th ecdysis 
Effects of juvenile hormone analog (JHA， 
methoprene) application on sugar 
concentrations in silkworm hemolymph. 
Methoprene (1.0 ~g/larva) was applied on day 
2 of 七he fifth instar and the control larvae 
treated with ethanol only. The data for 
methoprene treated larvae (一・-) and 
control larvae (-0 -) represent mean 
values with standard errors (n=10). 
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Figure 32. 
Effects of juvenile hormone analog (JHA， 
methoprene) application on sodium ion 
concentrations in silkworm hemolymph. 
Methoprene (1.0 ~g/larva) was applied on day 
2 of the fifth instar and the control larvae 
treated with ethanol only. The data for 
methoprene treated larvae (-・一) and 
control larvae (-0 一) represent mean 
values with standard errors (n=10). 
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Figure 33. 
o 1 2 3 4 5 6 7 8 9 10
Days after 4th ecdysis 
Effects of juvenile hormone analog (JHA， 
methoprene) application on potassium ion 
concentrations in silkworm hemolymph. 
Methoprene(1.ouq/larva )was appl ied on day 
20 f the f i f thi ns ta r a nd the controlla rvae 
treated with ethanol only. The data for 
methoprene treated larvae (一・-) and 
control larvae (ー o 一) represent mean 
values with standard errors (n=10). 
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Figure 34. 
o 1 2 3 4 5 6 7 8 9 10
Days after 4th eCdysis 
Effects of juvenile hormone analog (JHA， 
methoprene) application on magnesium ion 
concentrations in silkworm hemolymph. 
Methoprene (1.0 wg/larva) was applied on day 
2 of the fifth instar and the control larvae 
treated with ethanol only. The data for 
methoprene treated larvae (-・-) and 
control larvae (-0 一) represent mean 
values with standard errors (n=10). 
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Figure 35. 
Effects of juvenile hormone analog (JHA， 
methoprene)appl i cati on on ca l c i umi on 
concentrations in silkworm hemolymph. 
Methoprerle(1.ouq/larva )wa s appl ied on day 
2of the f i f thi nstar a nd the contro l l a rvae 
treated with ethanol only. The data for 
methoprene treated larvae (一・一) and 
control larvae (-0 -) represent mean 
values with standard errors (n=10). 
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Figure 36. 
Effects of graded doses of an artificial 
diet supplement with sodium chloride on 
larval growth. The data represent mean 
values with standard errors (n=8). 
(ーロー): control larvai 
(-・-): 100 mM NaC1i 
(-6 -): 200 mM NaC1i 
(-4 -): 400 mM NaCl. 
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Figure 37. 
o 1 2 3 4 5 6 7 8 9 10 
Days after 4th ecdysis 
Effects of a diet with sodium chloride 
supplement on hemolymph osmotic pressure of 
Bombヱ主旦旦玉三. The hemolymph of the 
larvae was collected by puncturing the body 
with a needle. The osmotic pressure was 
measured with a vapor pressure osmometer. 
The data for NaCl-treated larvae (-・-)
and control larvae (-0 -) represent 
mean values with standard errors (n=8). 
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Figure 38. 
o 1 2 3 4 5 6 7 8 9 10 
Days after 4th ecdysis 
Effects of a diet with sodium chloride 
supplement on amino acid concentrations in 
silkworm hemolymph. The data for NaCl-
treated larvae (-・-) and control 
larvae (-0 -) represent mean values 
with standard errors (nニ8) . 
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Figure 39. 
o 1 2 3 4 5 6 7 8 9 10 
Days after 4th eCdysis 
E f f ect s o f a d i e t with sod i um ch lor ide 
s upplement on s ugar concentra t i ons i n 
s i l kworm hemo l yIIlph.The da ta for Na cl-
keated larvae (-・-) and control 
larvae (ー o 一) represent mean values 
with standard errors (n=8). 
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Figure 40. 
2 3 4 5 6 7 8 9 10
Days after 4th eCdysis 
Effects of a diet with sodium chloride 
s uppl eITIer1ton sod i um ion concentra t i ons i n 
s i lkworm hemo l yIT1ph.The da ta for Na Cl-
treated larvae (一・一) and control 
larvae (-0 一) represent mean values 
with standard errors (n=8). 
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Figure 41. 
2 3 4 5 6 7 S 9 10 
Days after 4th ecdysis 
Effects of a diet with sodium chloride 
supplement on potassium ion concentrations 
in silkworm hemolymph. The data for NaCl-
treated larvae (一・-) and control 
larvae (- 0 -) represent mean values 
with standard errors (n=8). 
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Figure 42. 
Effects of a diet with sodium chloride 
supplement on magnesium ion concentrations 
in silkworm hemolymph. The data for NaCl-
treated larvae (-・-) and control 
larvae (-0 一) represent mean values 
with standard errors (n=8). 
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Figure 43. 
Effects of a diet with sodium chloride 
supplement on calcium ion concentrations in 
silkworm hemolymph. The data for NaCl-
trea七ed larvae (-・一) and control 
larvae (-0 -) represent mean values 
with standard errors (n=8). 
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